Safety checklists in medicine are designed to identify a potential error before it results in harm to a patient. The World Health Organization (WHO) safety checklist was widely implemented in surgical practice in the UK after signifi cant reductions in death, and peri-operative complications were achieved in eight countries worldwide in the 'Safe Surgery Saves Lives' campaign of 2008. Nevertheless, use of the checklist for invasive medical procedures is not yet routine. Such procedures are becoming ever more complex, necessitating multidisciplinary team management and involving higher-risk patients, with the need for general anaesthesia on occasion. As a result, the potential for error increases and the need for a safety checklist has become more apparent. Such a checklist can be modifi ed to provide a framework for specialty-specifi c safety checks, enhanced team-working and communication for invasive medical procedures. Following an audit of use of the WHO checklist in 20 cases under general anaesthesia in our quaternary referral cardiac catheterisation laboratory, we discovered use of this safety tool was poor (performed/ documented: sign in 30%/40%, time out 10%/15%, sign out 10%/15%) and we identifi ed two 'near miss' incidents within the audit period. We then developed and implemented a modifi ed WHO checklist for the specifi c challenges faced in the cardiac catheterisation laboratory. Following a staff education programme, a subsequent audit of 34 cases demonstrated improvement in all sections (performed/documented: sign in 91.2%/82.4%, time out 85.3%/76.5%, sign out 73.5%/64.7%) with no patient safety incidents during the post-intervention audit period. Well-designed, procedural checklists may well prove to be of benefi t in other areas of interventional medicine.
Background
In 1999, the United States Institute of Medicine released the report, To err is human: building a safer health system, which ABSTRACT highlighted the fact that medicine is not as safe as it should be, and as many as 98,000 people die in US hospitals each year as a result of preventable medical errors. 1 The same situation exists outside of North America: for example, in England, 2,941 incidents resulting in death were logged with the National Patient Safety Agency (NPSA) for the year April 2011 to March 2012. 2 The cost to the NHS of adverse incidents is estimated as £1 billion, requiring an additional 3 million bed-days annually. 3 Infrequent but serious mistakes occur recurrently over a period of years. These medical errors are often the result of human error, and can be prevented by more effective systems and an improved organisational safety culture. 4 
Safety checklists in medicine
Since the publication of To err is human, the medical profession has looked to other 'high stakes' industries, such as aviation and nuclear power, for strategies to reduce system error and improve patient safety. In these industries, potential errors could have catastrophic consequences and research has focused on both reducing the risk of these events occurring and crisis management. Checklists are fundamental to the aviation industry; they are used to evaluate the mechanical integrity of the plane and its electronic systems on multiple occasions in the cockpit before, during and after the fl ight. 5 In emergency situations, checklists may help to avoid missing critical steps in a highly pressurised environment. Training is carried out to encourage all team members to use checklists and to raise safety concerns without fear of retaliation. Analysis has shown that the strong safety culture in this industry has contributed to a positive outcome in a number of high-profi le events. 5 A checklist consists of a list of steps each of which must be completed before proceeding to the next step on the list. Its compilation should be evidence-based and it should identify key points that are essential for safe conduct of the procedure. In medical practice, safety checklists are designed to identify a potential error before it results in harm to the patient. 6 They ensure that procedures are followed, eliminate reliance on human memory and provide a standardised framework for communication among team members. In addition, they can empower team members to challenge those who are not adhering to the checklist. 7 The use of safety checklists in medicine is developing rapidly. One of the fi rst checklists to be widely accepted was for central venous catheter insertion. 7 Five clinician-based procedures surrounding catheter care were introduced in combination with a checklist. Together, these interventions resulted in a reduction in catheter-related blood stream infection by 66% (incident rate ratios falling to 0.34 at 18 months after the study). In 2008, Lingard and colleagues introduced a surgical checklist designed to aid communication between surgeons, scrub nurses, anaesthetists and surgical and anaesthetic trainees. 8 The mean number of communication failures for each procedure fell from 3.95 before the intervention to 1.31 after the intervention (p<0.001). In 34% of cases, the checklist identifi ed potential problems with the procedure or critical knowledge gaps, or was useful for decision making and follow-up actions.
Development of the WHO surgical safety checklist
Between October 2007 and September 2008, eight hospitals across the world (in Canada, India, Jordan, New Zealand, the Philippines, Tanzania, the UK and the USA) participated in a program called 'Safe Surgery Saves Lives', which was introduced by the World Health Organization (WHO). 9 The programme implemented a 19-item surgical checklist, known as the World Health Organization Safety Checklist.
The checklist was designed to achieve the ten core standards for safe surgery established by the WHO (Box 1). These included operating on the correct patient at the correct site, recognising and preparing for blood loss, loss of airway or respiratory function, accurately identifying surgical specimens and enabling effective communication and exchange of patient information crucial for the safe conduct of the procedure.
Data were collected pre-and post-intervention. The primary end point was the occurrence of any complication during hospitalisation (up to 30 days). Following the introduction of the checklist, there was a 36% reduction in major complications (from 11% to 7% (p<0.001)) and a 47% reduction in 30-day mortality rate (from 1.5% to 0.8% [p=0.047]). The reductions in death and complication rates were observed not only in the low-income countries but also at the high-income centres, although there was a more modest reduction at the latter (30-day mortality fell from 0.9% to 0.6%, p=0.18). A standard WHO Surgical Safety Checklist (WHO checklist) was released globally in 2008, and in January 2009 the NPSA issued an alert recommending that all NHS organisations ensure that the WHO checklist is completed for every patient undergoing a surgical procedure, including those carried out under local anaesthesia (Fig 1) . 10 The WHO checklist is used at three set points in the procedural pathway: 'time in' occurs prior to the induction of anaesthesia, 'time out' prior to skin incision and 'sign out' before the patient leaves the operating theatre.
The checklist ensures a fi nal common pathway, in which the whole team comes together to verify all the key details. It includes an introduction of team members, ensuring that everyone recognises the other individuals present and is aware of what their specifi c roles are. This is vital where team members may not work regularly with each other and when unfamiliarity may reduce effective communication. The whole team becomes responsible for the safety of the patient, rather than just the lead clinician, and team members are encouraged to express any safety concerns they may have.
More recently, a controlled study from the Netherlands compared the incidence of complications and mortality at six hospitals that used a series of checklists for the whole patient pathway with those at fi ve control hospitals. 11 A reduction in complications from 15.4% to 10.6% (p<0.001) and a fall in in-hospital mortality from 1.5% to 0.8% (95% CI, 0.2 to 1.2% reduction) were achieved in the hospitals using the checklists.
Adaptation of the WHO checklist
The WHO advises that the WHO checklist should be adapted both nationally and locally. National adaptation ensures that the checklist refl ects the priorities of the healthcare system in which it is designed to work. Accordingly, the NPSA modifi ed the checklist to include sections on venous thromboembolism prophylaxis and the surgical site infection bundle (prophylactic antibiotics, hair removal, patient warming and glycaemic control). 10 An example of a national, specialty-specifi c modifi cation of the WHO checklist is in interventional radiology. 12 This checklist asks whether the Ionising Radiation (Medical Exposure) Regulation (IRMER) requirements are met and whether the patient has risk factors for contrast-induced nephropathy. The 'time out' phase is only applicable for those under general anaesthesia, so can be skipped in the majority of cases. There have also been a number of other specialty-and procedure-specifi c national modifi cations of the WHO checklist, including modifi cations for obstetrics, cataract surgery and bronchoscopy. [13] [14] [15] Local adaptation allows the WHO checklist to be both applicable and credible in the environment in which it is designed to be used. Teams are unlikely to engage with a checklist if they feel that many of the points are irrelevant to their environment while other pertinent checks are omitted. It is recommended that the checklist retains its initial three-phase structure, that the elements designed to maintain teamwork and communication remain, and that all members of the team are encouraged to voice concerns prior to skin incision. 16 Box 1. World Health Organization's 10 aims for safe surgery.
1 The team will operate on the correct patient at the correct site. 2 The team will use methods known to prevent harm from administration of anaesthetics, while protecting the patient from pain. 3 The team will recognise and effectively prepare for lifethreatening loss of airway or respiratory function. 4 The team will recognise and effectively prepare for risk of high blood loss. 5 The team will avoid inducing an allergic or adverse drug reaction for which the patient is known to be at significant risk. 6 The team will consistently use methods known to minimise the risk for surgical site infection. 7 The team will prevent inadvertent retention of instruments or sponges in surgical wounds. 8 The team will secure and accurately identify all surgical specimens. 9 The team will effectively communicate and exchange critical information for the safe conduct of the operation. 10 Hospitals and public health systems will establish routine surveillance of surgical capacity, volume and results.
Problems with effective implementation of the WHO checklist include:
> disengagement of staff who feel that it causes delay or that it is simply a 'tick-box' exercise; 17, 18 some are concerned that it results in increased anxiety for awake patients, although evidence suggests that this is not the case and a group of obstetric patients undergoing surgery found use of the checklist reassuring 19 > checks being completed when key individuals are absent 17 > omission of checklist stages; 17 recent studies show that the reduction in 30-day mortality has been smaller than that in the original WHO study and is only demonstrated where the full checklist is completed in its entirety, making full and effective implementation vital. 20
Use of patient-safety checklists by medical specialists
The use of checklists in the medical specialties has increased since the original central venous catheter checklist was developed. 7 Recently, complications of chest drain insertion were reduced by more than 75% (from 8.3% to 1.5% [p=0.015]) following the introduction of a 'pleural checklist'. 21 Development and implementation of a venous thromboembolism (VTE) checklist by junior doctors resulted in an increase in the percentage of new patients undergoing risk assessment from 82% to 97% (p=0.06). 22 Furthermore, appropriate prescription of VTE prophylaxis increased signifi cantly from 75% to 98% (p=0.006). Checklists have also been developed for use on post-take ward rounds and for patient discharge. 23, 24 Would the WHO checklist have prevented previous medical disasters?
One of the most well-known medical errors in recent history was the case of 70-year-old Graham Reeve, whose sole functioning kidney was removed instead of the diseased one; he died 5 weeks later. 25 Although the consent form was completed correctly, the theatre list identifi ed the wrong side. The team did not review the patient pre-operatively on the ward because he was asleep. On transfer to theatre, the imaging was placed backto-front, and the patient was positioned for a left nephrectomy rather than a right nephrectomy. There are multiple steps in the WHO checklist that would hopefully prevent a similar tragedy occurring today. As with the majority of medical errors, it was not an isolated oversight that resulted in the disaster, but a catalogue of mistakes by multiple individuals. The WHO checklist enables the team to come together for one fi nal check before the procedure starts. This fi nal common check may have averted the catastrophe. Another well-publicised non-surgical case that might have been adverted by the use of a multidisciplinary, pre-procedure, WHOstyle checklist is that of Wayne Jowett. Vincristine, rather than methotrexate, was administered intrathecally to Mr Jowett. 26 Again multiple mistakes by multiple individuals were involved. This was the fourteenth case of its kind in the UK since 1985, eleven of which have been fatal. In response to this case, the Department of Health issued guidelines that now include a fi nal common check involving both a member of staff appropriately trained in intrathecal chemotherapy administration and the patient or their guardian. 27 There have been no similar errors in the UK since.
When should the WHO surgical safety checklist apply?
The NPSA (now under the auspices of the NHS Commissioning Board Special Health Authority) requires that the WHO checklist be completed for every patient undergoing a surgical procedure. 10 The WHO has defi ned a surgical condition as 'any condition that requires suture, incision, excision, manipulation, or other invasive procedure that usually, but not always, requires local, regional, or general anesthesia'. 28 Invasive procedures requiring written consent, even if not involving surgeons, should be considered to be 'surgical procedures' for the purposes of this checklist. We would advocate the development of a specifi c checklist for invasive medical procedures that can be further adapted for individual subspecialties.
Invasive procedures that are carried out by medical specialists and radiologists are becoming more widespread (Table 1) . Not only are these procedures associated with a more rapid recovery and lower cost than surgery, but they can also be offered to patients with multiple comorbidities who are not fi t for conventional surgery.
These 'non-surgical' procedures are often carried out under general anaesthesia. Anaesthetists are being asked to provide general anaesthesia for higher-risk patients, for procedures they are less familiar with, in areas of the hospital with which they are less well acquainted. In an era of sub-specialisation, the doctors that perform procedures in endoscopy suites, bronchoscopy suites and catheterisation laboratories may well have never met the patient before the procedure. Furthermore, the team (which may be composed of multiple disciplines) may never have met or worked with each other before. The use of a modifi ed WHO checklist under these circumstances becomes crucial to allow clinicians to communicate and work safely as a team.
Our experience of modifying the WHO checklist
Activity in the cardiac catheterisation laboratory (cath lab) has evolved signifi cantly in recent years. Cardiologists have developed skills and procedures to treat not only diseased coronary arteries, but also a range of other conditions. Transcutaneous aortic valve interventions (TAVI), mitral valve clipping (MitraClip), paravalvular leak repairs, left atrial appendage closures, septal defect repairs and complex electrical ablations are examples of more complex procedures frequently carried out in the cath lab. These procedures may be used as alternatives to conventional surgery for patients for whom the risk of such surgery would be very high.
Standard cardiac procedural checklists have been used for some time but they may not be robust enough in complex cases, particularly when other specialties are involved in patient care and when the patient is under general anaesthesia. For example, although they include risk factors for bleeding and allergy checks, they frequently do not include anaesthetic risks, such as aspiration or equipment checks. Furthermore, they may be completed by a member of staff who is not subsequently present for the procedure, thus crucial patient information may not be highlighted to the team before the procedure begins.
As a quarternary referral centre for structural heart disease and electrophysiology, we perform a large number of cardiac procedures in our unit. With the rapid evolution of services, the multidisciplinary team has had to adapt to new techniques and new environments. The standard WHO checklist (recommended by the NPSA) had been included within the cath lab integrated care pathway (ICP), along with a pre-procedure checklist. Following incident reporting, a number of patient-safety challenges were identifi ed. Those of us who were used to using the WHO checklist in main theatres felt that the use of this checklist was poor in the labs, and that enhanced use of this safety tool could benefi t patient safety. We set out to develop a new modifi ed WHO checklist for use in the cath lab (Fig 2) . We performed an audit of use of the checklist before and after introduction of the new checklist.
Baseline audit
We included 20 cath lab cases involving general anaesthesia in our baseline audit. An observer recorded whether the three stages in the Standard WHO Checklist were performed correctly by the team (ie i f each step was read aloud and answered aloud by the team). The form was also inspected at the end of the case to see whether the checks were documented to have taken place. The audit form included a free-text section where any patient-safety-related critical incidents that occurred during the case could be recorded. The 'Sign in' section was performed in less than one-third of cases and subsequent sections even less frequently (Table 2 ). All three stages were completed for only two cases (10%). Worryingly, on occasion, the checklist was documented to have been carried out when in fact no team check had taken place. This suggests that the WHO checklist was being treated merely as a 'tick-box' exercise. There were two critical incidents during the audit period. In the fi rst of these, a small dose of intravenous midazolam was administered to a patient without the consent form having been checked by the team in the cath lab ('sign in' did not take place). Subsequent checks revealed that the consent form had been completed with the patient's name but not actually signed, therefore rendering it invalid. There was no actual patient harm, but the procedure had to be deferred. The other incident was a 'near miss' involving an allergy to contrast. The allergy was documented in the pre-procedure checklist but not communicated to the team performing the procedure. No 'sign in' took place and contrast was drawn up on the procedure trolley. This was identifi ed by a member of the team and removed prior to starting the procedure. There was no patient harm, but it was felt that these incidents might have been avoided if the WHO checklist had been used.
Reasons for poor use of the WHO checklist
Failure to complete the WHO checklist was perceived to be a result of a degree of confusion as to who should carry out the checklist and when they should do so. Staff expressed the view that the form was focused on traditional surgery -the format and type of questions being less relevant for medical interventions. It was also believed that many important safety checks for this environment were omitted, making the staff feel it was a fruitless exercise that did not add anything to patient safety. For example, checks that the Ionizing Radiation (Medical Exposure) Regulations (IRMER) are met, use of patient cooling (for post-cardiac arrest patients) and whether external defi brillator pads are present (when required) are important pre-procedure checks in this environment that are not included in the standard form. The standard checklist was seen as 'not fi t for purpose' and there was a reliance on the pre-procedure checklist. 
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Introduction of the new checklist
In response to the poor initial audit results, we developed a modifi ed WHO checklist that is specifi c to the cath lab (Fig 2) . Engagement of staff was crucial to the adoption of the new checklist, and observations and comments from the multi-disciplinary team relating to the format and use of the standard WHO checklist were taken on board when the new checklist was developed. The cath lab checklist retains the original three-part structure, as recommended by the WHO, but has been adapted so that it includes essential checks specifi c to this environment and caseload. It was designed to make it clear who should answer each section and how this should occur. It also enabled a focus on some of the local issues raised by critical-incident reporting. Prior to implementation of the new checklist, we facilitated multi-disciplinary training sessions for the team to practise using the new checklist. The issue was also highlighted in clinical governance meetings. A re-audit involving 34 cases under general anaesthesia took place following implementation of the new checklist. There was an improvement in use of the checklist, compared to use of the standard WHO form in the baseline audit (Table 2, Fig 3) . Furthermore, no patient safety incidents were reported during the re-audit period. Despite the improvements in the team's performing the 'sign in' section of the checklist, the remaining sections were again utilised less frequently, and all three sections were completed fully in just 25 of the 34 cases (73.5%), leaving further room for improvement. Rates of documentation did not exceed the rates of actual team-performed checks, suggesting the 'tick-box exercise' seen in the baseline audit did not occur. It was clear that use increased after encouragement from the senior clinicians and, once implemented, began spreading to all cases in the labs, including more minor ones.
Conclusions
Medical procedures are becoming more complex and the patients who undergo them present increasingly high risks. Procedures often require multidisciplinary management and sometimes involve general anaesthesia.
Use of the WHO checklist is aimed at providing a framework for procedural safety and at promoting effective team-working and communication. National and local modifi cations of the checklist provide the opportunity to highlight the safety issues pertinent to different healthcare systems and specialties.
Implementation of these checklists requires strong leadership and a move away from the clinical autonomy of the lead clinician towards a team approach to patient safety. An attitude change is frequently required and can be diffi cult to achieve. Staff engagement through communication, training and education is also essential for successful implementation.
The evidence from the traditional surgical specialties is that well-designed, fully implemented, procedural checklists will be of benefi t to patients. There is no evidence to suggest that this would not also be the case in procedural medical practice and, in fact, there is evidence to support the use of procedural checklists in medicine. Further research is needed to assess the impact of the introduction of these checklists on procedural morbidity and mortality in the UK.
Through our own experience of introducing a modifi ed threephase WHO checklist in our cath lab, we aimed to provide a standardised framework for multi-disciplinary communication and patient safety specifi c to the specialty, and we have demonstrated the improved use of this safety tool. While our re-audit demonstrated fewer patient safety incidents, further work is needed to assess the impact of this safety tool on patient safety. ■ Table 2 The observer recorded whether the team performed the checks at the three time points and whether this was documented at the end of the procedure. The baseline audit was carried out using the standard WHO checklist. The postinterventions audit was completed following the introduction of a new checklist specific for the cardiac catheterisation laboratory and staff training. 
